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TRIASSIC-JURASSIC STRATIGRAPHY OF THE
CULPEPER AND BARBOURSVILLE BASINS, VIRGINIA AND MARYLAND

By K.Y. LEE and A.]J. FROELICH

ABSTRACT

The Culpeper basin of northern Virginia and adjacent Maryland is
an elongate, north-northeast-trending, fault-bounded trough con-
taining a thick sequence of Upper Triassic to Lower Jurassic
nonmarine sedimentary rocks. The similar but much smaller
Barboursville basin, a few kilometers to the south, contains only
Upper Triassic clastic sedimentary rocks. The Lower Jurassicstrata
of the Culpeper basin are interbedded with a series of basalt flows,
and both Upper Triassic and Jurassic rocks are intruded by Early
Jurassic tholeiitic diabase; the Barboursville basin contains no
known igneous rocks.

The Culpeper Group of the Newark Supergroup is herein used for
the entire sequence of lower Mesozoic strata in both basins. The term
“lower part of the Culpeper Group” is used informally for the mainly
Upper Triassic sequence of continental sedimentary rocks occupying
the entire Barboursville basin and the southern quarter and eastern
half of the Culpeper basin; the “upper part of the Culpeper Group”
includes the Lower Jurassic sedimentary rocks and intercalated
tholeiitic basalt flows restricted to the west-central Culpeper basin.

The lower part of the Culpeper Group, mostly of Late Triassic age,
issubdivided into four formations: the Manassas Sandstone, the Balls
Bluff Siltstone, the Tibbstown Formation, and the Catharpin Creek
Formation. The Manassas Sandstone contains three distinctive
lenticular cobble and boulder conglomerate members that lie at the
base of the Culpeper Group in different areas along the eastern
margin of the basins. These are the Reston Member, the Rapidan
Member, and the Tuscarora Creek Member. The conglomerates each
grade upward and laterally into the widespread Poolesville Member,
the main arkosie red sandstone unit of the Manassas.

The Balls Bluff Siltstone conformably overlies, grades into, and
intertongues with sandstone of the Manassas and occupies the medial
part of both basins. The Balls Bluff is predominantly red-brown
calcareous siltstone and fine-grained sandstone intercalated with
greenish-gray to dark-gray fossiliferous mudstone; it intertongues
with the Leesburg Member, which is predominantly limestone
conglomerate, in the northwestern Culpeper basin. The Balls Bluff
Siltstone is conformably overlain by the Tibbstown Formation in the
Barboursville basin and the southern Culpeper basin, and by the
Catharpin Creek Formation in the central Culpeper basin.

The Tibbstown Formation, predominantly arkosic sandstone at the
base, contains the Mountain Run Member, mainly greenstone cobble
conglomerate, and the Haudricks Mountain Member, primarily
quartz, phyllite, and schist pebble conglomerate. These conglomerates
are present at the top of the formation on the west side of the basin,
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and this upward-coarsening sequence constitutes the youngest
sedimentary rocks of the Culpeper Group in the Barboursville and
southern Culpeper basins. Similarly, the Catharpin Creek Formation
in the central Culpeper basin, mainly arkosic sandstone at the base
and containing rocks of both Late Triassic and Early Jurassic age,
grades laterally and upward into the Goose Creek Member, a coarse
conglomerate.

The upper part of the Culpeper Group of Early Jurassic age
consists of the Mount Zion Church Basalt at the base, locally
containing lenses of sandstones and siltstones that separate two
basalt flows. The upper basalt flow is overlain by the Midland
Formation, mainly reddish-brown sandstone and siltstone with gray,
fossiliferous, calcareous shalé zones near the base, succeeded by the
Hickory Grove Basalt. The Hickory Grove contains lenticular
sandstone and siltstone bodies that separate three or more basalt
flows. It is overlain by the Turkey Run Formation, predominantly
sandstone interbedded with red-brown and gray-green siltstone,
capped by the Sander Basalt. The Sander Basalt comprises the
greatest number and thickest series of flows, and contains the
thickest and most extensive lenticular sandstone and siltstone inter-
calations. The overlying Waterfall Formation consists of interbedded
sandstone, siltstone, conglomerate, and several fossiliferous,
caleareous shale zones. The Waterfall displays several local and at
least one regional unconformity near Thoroughfare Gap, where it is
overlain by the Millbrook Quarry Member, a coarse boulder and
cobble conglomerate that is the youngest Jurassic sedimentary unit
of the Culpeper Group.

Fossil flora and fauna are present but generally sparse in the “red
beds” of the Culpeper and Barboursville basins. Phytosaur bones of
Late Triassic age have been identified from the Balls Bluff Siltstone;
dinosaur tracks are well preserved in the same formation and in the
Manassas Sandstone. Dinosaur tracks of Early Jurassic age occur in
the Turkey Run and Waterfall Formations. More important, shales
of the Midland and Waterfall Formations have yielded well-preserved
freshwater fish. Conchostracans, ostracodes, fish scales, inseet parts,
and diagnostic spores and pollen are also present in the Manassas
Sandstone, the Balls Bluff Siltstone, and the Tibbstown, Catharpin
Creek, Midland, Turkey Run, and Waterfall Formations. The
presence of Late Triassic and Early Jurassic spores and pollen
throughout the exposed stratigraphic section has enabled the
systematic palynofloral zonation of the entire Culpeper Group,
supported in places by characteristic fish zones. Strata of the
Culpeper Group range in age from the Late Triassic (at least late
Carnian, about 225 Ma) to the Early Jurassic (late Sinemurian or
early Pliensbachian, about 193 Ma), with the Triassic-Jurassic
boundary (about 208 Ma) a short distance below the base of the Mount
Zion Church Basalt in the upper part of the Catharpin Creek
Formation.
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The distribution of strata in the Culpeper Group is explained by
accumulation of clastic sediments in a closed basin flanked by fault-
block mountains that were episodically uplifted and eroded. Deposi-
tion within the basin was controlled by subsidence accompanying
extensional tectonics during a dominantly semiarid climate punctuat-
ed by periods of abundant precipitation. The Manassas, Tibbstown,
Catharpin Creek, and Waterfall Formations and the Leesburg and
Goose Creek Members of the Balls Bluff Siltstone reflect deposition
near basin margins by braided streams and debris flows of alluvial
fan complexes. The principal part of the Balls Bluff Siltstone, on the
other hand, contains primary structures that suggest deposition in
playa lakes, on subaerial silty fluvial mudflats, or at the distal parts
of alluvial fans. The siltstone and shale eycles of the Balls Bluff,
Midland, and Waterfall indicate deposition in lakes. Some of the
lakes of the Balls Bluff were playas; others in the Midland and
Waterfall Formations were probably perennial. Turbidite deposition
in the lakes was locally important. Numerous local unconformities,
commonly overlain by conglomerate, attest to the tectonic instability
of the mountainous source areas flanking the Early Jurassic lakes.
Tectonic instability in the Early Jurassic, indicated by upward-
coarsening sequences in the Catharpin Creek Formation, was
accompanied by fissure flows of basalt.

During the late stages of Jurassic deposition of the Culpeper
Group, tholeiitic diabase stocks, sills, and dikes (about 195 Ma)
extensively intruded the sedimentary rocks and basalt flows and
thermally metamorphosed them. The strata in the Culpeper and
Barboursville basins were regionally tilted to the west, particularly
along the western border faults, which produced steep dips, drag
folds, gravity slumping, and slippage along bedding planes; broad,
gently southwest plunging folds, and en echelon and strike-slip faults
along the western basin margin; and folds and transverse faults
within the basins.

INTRODUCTION

The original stratigraphic nomenclature of the Cul-
peper basin was introduced by Roberts (1922, 1923,
1928) in Virginia. Jonas and Stose (1938) later intro-
duced nomenclature from the Gettysburg basin into
the Maryland part of the Culpeper basin; these units
did not match those of Roberts. For about half a century
there were no significant advances in the stratigraphy
of any of the early Mesozoic basins of Eastern North
America. The systematic palynological studies of Cornet
(1977) provided precise new temporal data in previously
undatable rocks that proved the presence of Early
Jurassic as well as Late Triassic strata in the northern
early Mesozoic basins of Eastern North America.
Widespread stratigraphic revisions have followed. In
the Culpeper basin, four systems of stratigraphic
nomenclature have recently been proposed (Cornet,
1977; Lee, 1977, 1979, 1980; Lindholm, 1979). Objections
have been raised to each, and no single scheme is in
common use. Plate 1 (A) summarizes the evolution of
stratigraphic nomenclature in the Culpeper basin.
None of these systems, which describe the same
sequence of rocks, is without shortcomings, whether
based on recent geologic mapping (Lindholm, 1977,
1978, 1979; Lee, 1979, 1980; Gore, 1983), recent studies

of fossil fish and dinosaur tracks and bones (Olsen,
1978, 1984; Olsen and others, 1982), or studies of spores
and pollen (Cornet, 1977). Furthermore, none of these
systems is compatible with recent revisions of the
Newark Supergroup in Eastern North America
(Froelich and Olsen, 1984), with usage in the Hartford
basin as shown on the State geologic maps of Massa-
chusetts (1983) and Connecticut (1983), or with the
most recent revisions in the Newark basin of New
Jersey and Pennsylvania (Olsen and others, 1982;
Olsen, 1984).

A reexamination of the Late Triassic and Early
Jurassic stratigraphy of the Culpeper basin indicates
that it can be correlated with the newly revised stratig-
raphy of the Hartford and Newark basins to the north.
In each of these major basins, two clastic sedimentary
successions of Early Jurassic age occur between three
major basalt flow sequences. The strata between the
flows are now considered formations: the Shuttle
Meadow and East Berlin Formations in Connecticut
and Massachusetts and the Feltville and Towaco For-
mations in New Jersey. This pattern of nomenclature is
herein extended to the southernmost exposed Jurassic
strata in Eastern North America by defining and
naming the Midland and Turkey Run Formations in
the Culpeper basin. All of the remaining stratigraphic
revisions stem logically from (1) considering the sedi-
mentary sequences that are separated by basalt flows
to be formations, (2) elevating the Newark Group of
Eastern North America to a supergroup, and (3)
establishing the entire section of Triassic and Jurassic
strata in the Culpeper and Barboursville basins as a
group.

REGIONAL SETTING

The Culpeper and Barboursville basins are centrally
situated in a belt of Late Triassic to Early Jurassic
fault-bounded troughs exposed in Eastern North
America from Nova Scotia to the Carolinas. These
troughs, containing nonmarine Newark Supergroup
strata, are generally in alignment with the structural
grain of enclosing upper Precambrian and lower
Paleozoic crystalline and sedimentary rocks, and are
located mostly within the Piedmont province of the
Appalachian orogenic belt (Rodgers, 1970, p. 203-207;
fig. 1, this paper). The Culpeper and Barboursville
basinsoriginated and evolved during the early Mesozoic,
a time of continental rifting that preceded Coastal
Plain deposition and the development of the modern
Atlantic continental margin (Dickinson, 1974; Van
Houten, 1977b, p. 83, 89-96). The Culpeper basin
occupies about 2,750 km2, most of which is in northern
Virginia. At the southern end of the Culpeper basin,
Conley and Johnson (1975) delineated a small, isolated
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FIGURE 3.—Sketch map of the Culpeper basin, Virginia and Maryland, showing the location of measured sections and selected
drill holes.
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TABLE 1.—Summary of measured sections in the Culpeper basin, Virginia and Maryland

[Keyed to pl. 1. Do., ditto]

Map Thickness
No.1 Field No. Formation and Member Meters Feet Reference
1 KYL-77-1 Manassas Sandstone, Reston Member (Partial) 5.5 18  Lee, 1977, p. C-9, sec. 1.
2 KYL-77-2 Do. 4.2 14  Lee, 1977, p. C-10, sec. 2.
3 KYL-77-3 Do. 3.6 12 Lee, 1977, p. C-10, 11, sec. 3.
4 KYL-84-1 Manassas Sandstone, Rapidan Member (Partial) 75.4 249  This paper, app. A, sec. 1.
5 KYL-84-2 Manassas Sandstone, Tuscarora Creek Member (Partial) 6.0 20  This paper, app. A, sec. 2.
6 KYL-77-4 Manassas Sandstone, Poolesville Member (Partial) 20 66  Lee, 1977, p. C-11, sec. 4.
7 KYL-77-5 Do. 37 122  Lee, 1977, p. C-12, sec. 5.
23 PG-8/B Balls Bluff Siltstone (Partial) 39.15 129.2 Gaore, 1983, app. A, B,
p. 297-343.
29 PG8/G Do. 36 11.9 Do.
10 PG G-3 Do. 24.4 80.5 Do.
11 PG G-7 Do. 5.32 17.5 Do.
12 PG G-8 Do. 10 33 Do.
213 PG /D Do. 12 39.6 Do.
314  PGG-1 Do. 6.82 22.5 Do.
15 PG G-5 Do. 4.15 13.7 Do.
216 PG8/K Do. 47.3 156 Do.
17 PG C-1 Do. 11 36.3 Do.
18 AJF-82-1 Do. 5.5 18  Froelich and others, 1982,
stop 1, p. 59-62.
319 AJF-82-8 Da. 7.6 25  Froelich and others, 1982,
stop 1, p. 59-62.
20 KYL-77-6 Balls Bluff Siltstone (Partial) 40 131  Lee, 1977, p. C-13, 14, sec. 6.
21 KYL-77-7 Leesburg Member (Partial) 76 251  Lee, 1977.p. C-15, sec. 7
22 JPS-84-1 Balls Bluff Siltstone (Partial) 65.6 215  This paper, app. A, sec. 5.
23 KYL-84-3 Tibbstown Formation, Mountain Run Member (Partial) 215.8 712 This paper, app. A, sec. 3.
24 AJF-82-7 Catharpin Creek Formation and Mount Zion Church 18.2 60  Froelich, and others, 1982,
Basalt (Partial) stop 7, p. 75-76.
25 PG-T-3 Catharpin Creek Formation (Partial) 17.5 57.8 Gore, 1983, app. A, B.
p. 297-343.
26 PG-T-1 Do. 10.45 34.5 Do.
27 KYL-84-4A Mount Zion Church Basalt (Partial) 9.1 30  This paper, app. A, sec. 4A.
28 KYL-84-4B Midland Formation (Complete) 378.8 1,250  This paper, app. A, sec. 4B.
29 ECT-66-1 Do. (Partial) 180 591  Toewe, 1966, app. I,
p. 32-35.
30 PG-MID-1 Do. 9.9 32.7 Gore, 1983, app. A, B,
p. 297-343.
31 PG-MID-2 Do. 10.43 34.4 Do.
32 KYL-84-4C Hickory Grove Basalt (Complete) 211.1 695  This paper, app. A, sec. 4C.
33 KYL-84-4D Turkey Run Formation (Complete) 216.6 715  This paper, app. A, sec. 4D.
34 KYL-77-8 Do. (Partial) 37 122  Lee, 1977, p. C-15, 16, sec. 8.
35 KYL-84-4E Sander Basalt and sandstone and siltstone members (Partial) 805.7 2,659  This paper, app. A, sec. 4E.
36 TH-82-TC Waterfall Formation (Partial) 141 465  Hentz, 1981, app. B.
37 TH-82-DB Do. 10 33 Do.
38 TH-82-BR Do. 34.5 114 Do.
39 AJF-82-6 Do. 14 46  Froelich, A.J. and others

1982, stop 6, p. 73-75.

1Map numbers correspond to numbers in figure 3.
2Corne’c (1977) section measured and described by Gore (1983).
Same section measured and described.
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TABLE 2.—Summary of core holes and selected drill holes in the Culpeper basin, Virginia and Maryland

[Keyed to pl. 1. Do., ditto]

Well No.
(WRD-ID)

Map
Lp.!

Formation member interval (ft}

Cored (c) or

Drilled (d) Meters

Total depth

Feet Reference

A F-52V-1D

(Partial)

Manassas Sandstone, Poolesville Member, 0-75 ft.
(Complete)

Manassas Sandstone, Reston Member, 75-125 ft.
Peters Creek Schlist, 125-140 ft.

c 42,5

140  Larson, 1978, app.,

p. 31-35.

B Mo-DC-59

(Partial)

Manassas Sandstone, Poolesville Member, 0-50 ft.
(Complete)

Manassas Sandstone, Reston Member, 50-105 ft.
Peters Creek Schist, 105-262 ft.

d 79.4

262  Otton, 1981, table 12,

p. 50-52.

C Mo-Do-47

(Partial)
Manassas Sandstone, Poolesville Member, 0-600 ft.
(Partial)

d 181.8

600  Otton, 1981, table 12,

p. 46-49.

D Mo-Cb-26

(Partial)

Manassas Sandstone, Poolesville Member, 0-770 ft.
Manassas Sandstone, Tuscarora Creek Member, 770-808 ft.
(Complete)

Frederick Limestone (Cambrian), 808-857.5 ft.

d 260

857.5 Nutter, 1975, table

10, p.32, 33.

E F-51V-14F

(Partial)

Manassas Sandstone, Poolesville Member, 0-545 ft.
Manassas Sandstone, Reston Member, 545-610 ft.
(Complete)

Peters Creek Schist, 610-1,002 ft.

d 301

1,002  This paper, app. B.

EC-10
F  Mo-EGI10

(Partial)
Balls Bluff Siltstone, 0-857.5 ft.

d 260

857.5 Otton, 1981,

G 51V-23H

(Partial)
Manassas Sandstone, Poolesville, Member, 0-1,000 ft.

d 305

1,000  This paper, app. B.

H 51V-24H

(Partial)
Balls Bluff Siltstone, 0-767 ft.

d 233.8

767 Do.

I 51V-13A

(Partial)

Balls Bluff Siltstone, 0-280 ft.
Hornfels (thermally metamorphosed
siltstone), 280-650 ft.

d 198

650 Do.

J Man-1

(Partial)
Balls Bluff Siltstone, 0-550 ft.

c 165

550  Sobhan, 1985.

K Man-2

(Partial)
Balls Bluff Siltstone, 0-550 ft.

c 150

500 Do.

L Mid-1

(Partial)
Midland Formation, 0-56.4 ft.

56.4 Smoot, this paper,
app. B.

M TGC-1

(Partial)
Waterfall Formation, 0-65 ft.

c 19.7

65  Hentz, 1981, app. 2.

N TGC-2

(Partial)
Waterfall Formation, 0-125 ft.

c 37.8

125 . Do.

1Map identification letters correspond to letters in figure 3.
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mapping, Froelich and others integrated the geologic
map coverage with newly acquired hydrologic and
geophysical data and prepared a series of topical
reports and regional maps at a scale of 1:125,000
(Leavy, 1980, 1984; Wise and Johnson, 1980; Froelich
and Leavy, 1982; Johnson and Froelich, 1982; Leavy
and others 1982, 1983; Posner and Zenone, 1983;
Froelich, 1985; Zenone and Laczniak, 1985). Some of
the newly acquired chemical and isotopic data on the
igneous rocks had a significant bearing on the age and
stratigraphic interpretation (Sutter and Arth, 1983;
Lee and others, 1984), and this paper incorporates
much of the data acquired by many workers in the
Culpeper and Barboursville basins over the past decade.

SCOPE, PURPOSE, AND METHOD OF STUDY

Systematic mapping for this investigation was under-
taken by Lee from the fall of 1973 to the spring of 1977.
The purposes of that study were to define and map the
stratigraphic units and to determine the geologic
factors controlling the origin of the sedimentary and
igneous rocks and the thermal metamorphism of
country rocks adjacent to intrusive diabase in the
Culpeper and Barboursville basins.

Geologic mapping at a scale of 1:24,000 was completed
throughout most of the two basins (Lee, 1979, 1980).
Individual lithologic units were identified on the basis
of mineralogic composition, texture, structure, and
other physical characteristics. Geologic contacts
between stratigraphic units were located only approxi-
mately, because in most areas outcrops are very sparse
and critical stratigraphic contacts are commonly
covered. A sand/shale ratio of two to one was arbitrarily
used to delineate the gradational contacts between
deposits of shale and (or) siltstone and deposits of
sandstone and (or) conglomerate.

Fresh rock exposures were sampled for laboratory
investigation on the basis of lithostratigraphic facies
changes, areal distribution, and variation of texture
and mineralogy of rock types. Twelve typical sections
across the basins were examined in detail to determine
regional structure, lithostratigraphic facies, and contact
relations between intrusive diabase and country rock
with thermal metamorphism. Four sections were
measured in thefield, and thicknesses in the remaining
eight sections were calculated as composite sections
from the geologic quadrangle maps. In addition, thick-
ness of individual stratigraphic units was measured at
selected localities in the field (app. A, table 1) to
supplement those measured previously and reported
elsewhere (Toewe, 1966; Lee, 1977; Froelich and others,
1982; Hentz, 1982).

Measurements of crossbeds and other primary sedi-
mentary structures were made in siltstones and sand-

stones to determine directions of paleocurrents. Pebble
counts were made in conglomerates to ascertain the
sediment provenance, and the rock fabric was studied
to determine conditions of transportation and deposi-
tion. Such determinations enable an understanding of
the physical characteristics of fluvial and debris-flow
deposits; the areal distribution of fluvial fan-segments,
which consist of the fanhead, midfan, fan base, and
distal facies; and the nature of coalescence among the
fans distributed throughout the basins.

Subsequently, we have gathered new age and cor-
relation data and have assessed and compiled selected
lithologic logs of deep water wells and core holes (tables
1 and 2, this paper; Sobhan, 1985).
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STRATIGRAPHY
NEWARK SUPERGROUP
CULPEPER GROUP

General statement.—Upon completion of geologic
mapping in the Culpeper and Barboursville basins it
became apparent that the complex stratigraphic rela-
tions in the basins could not be adequately portrayed by
existing stratigraphic nomenclature (pl. 14). Con-
sequently, a change in the nomenclature of both the
sedimentary and basaltic rocks has been made to depict
the stratigraphic relations on the basis of our under-
standing of the lithostratigraphic sequence, age rela-
tions determined on fossil content, depositional en-
vironment, provenance, areal structural relations, and
isotopic age dating of igneous rocks. The name
“Culpeper Group” (Lee, 1979, 1980) is adopted herein
for the distinctive complete lithostratigraphic sequence
of Upper Triassic and Lower Jurassic rocks in the
basins (pl. 14). This name was proposed informally by
Cornet (1977, p. 119) and was used by Olsen (1978) and
Lindholm (1979). It supersedes the term “Newark
Group” (Lee, 1977, p. C2, C3), which was recently
raised to Supergroup (Froelich and Olsen, 1984).

The term “lower part of the Culpeper Group” is used
informally for the mainly Upper Triassic sequence of
continental sedimentary rocks occupying the entire
Barboursville basin and the southern quarter and
eastern half of the Culpeper basin; the “upper part of
the Culpeper Group” includes the Lower Jurassic
series of tholeiitic basalt flows restricted to the west-
central Culpeper basin and the intercalated sedimen-
tary rocks. Correspondingly, for correlations between
the Culpeper, Newark, and Hartford basins, as in plate
1B, the term “lower part of the Newark Supergroup” is
used for the mainly Upper Triassic sequences of sedi-
mentary rocks and the term “upper part of the Newark
Supergroup” includes the Lower Jurassic basalts and
intercalated sedimentary rocks in all three basins.

The Border Conglomerate of Roberts (1928) occurs
on both flanks as well as in the interior of the Culpeper
basin and spans the entire Triassic-Jurassic section.
Most of the conglomerates are lenticular, isolated, and
not coeval. They are separable into geographically and
lithologically distinet members of several different
formations of several ages. Therefore, the term “Border

Conglomerate” is hereby abandoned (see pl. 14). The
name “New Oxford Formation,” extended by Jonas and
Stose (1938) into the Maryland portion of the Culpeper
basin from the Gettysburg basin, is replaced by the
Manassas Sandstone and is no longer recognized in the
Culpeper basin (see pl. 14). The Manassas Sandstone
(Roberts, 1928) is retained, but several newly named
conglomerate members are included within it (see pl.
1A4). The type Bull Run Shales of Roberts (1928) is
mainly siltstone, and the area he mapped within this
unit in the Culpeper basin includes lithologies as
diverse as conglomerate, sandstone, and basalt. The
term “Bull Run Formation” has been used by Lindholm
(1979) for a medial unit of mainly Upper Triassic
calcareous siltstone; Lee (1977, 1979, 1980) expanded
the unit to include Triassic and Jurassic strata and
basalt flows. In all previous definitions, this hetero-
geneous unit lacks distinctive boundaries and is hereby
abandoned. Cornet’s informal usage of formations “A”
through “K” (pl. 14) is hereby abandoned, although the
palynofloral zones that he established are incorporated
and adapted to the appropriate named formations.
Some of Lee’s earlier informal proposals and nomen-
clature are adopted as presented, such as Mount Zion
Church Basalt, Hickory Grove Basalt, Sander Basalt,
and Poolesville, Reston, Tuscarora Creek, and Rapidan
Members; some are redefined and retained, such as
Catharpin Creek Formation, Balls Bluff Siltstone,
Leesburg Member, and Mountain Run Member (see pl.
1A4). Some of Lindholm’s (1979) terminology is adopted
as proposed or redefined and incorporated herein, such
as Goose Creek Member and Waterfall Formation,
whereas some stratigraphic names are abandoned,
such as Buckland Formation, Cedar Mountain Con-
glomerate Member, and Barboursville Conglomerate
Member (see pl. 1A). Thus the redefined stratigraphy
of the Culpeper basin is an amalgam of previous usage
and modified informal names, adapted to reflect our
present understanding of age and complex lithofacies
relationships. Some of the names in the Barboursville
basin are carried over from the Culpeper basin, and
some in the Barboursville basin carried over to the
southern Culpeper basin.

Stratigraphic units and correlation.—The lower part
of the Culpeper Group, mainly of Late Triassic age, is
subdivided, in ascending order, into the Manassas
Sandstone, the Balls Bluff Siltstone, the Tibbstown
Formation, and the Catharpin Creek Formation. The
Manassas Sandstone consists of the Reston Member,
the Rapidan Member, and the Tuscarora Creek Member
at the base, all chiefly conglomerates, overlain by and
intertonguing laterally with arkosic sandstone of the
Poolesville Member. The Balls Bluff Siltstone inter-
tongues with its Leesburg Member, predominantly
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limestone conglomerate and with arkosic sandstones of
the Manassas, Tibbstown, and Catharpin Creek Forma-
tions. The Tibbstown Formation, mainly arkosic sand-
stone, includes the Mountain Run and the Haudricks
Mountain Members at the top, both conglomerates. The
Catharpin Creek Formation, mainly arkosic sandstone,
contains two fan-shaped lobes of the Goose Creek
Member, a conglomerate that may contain lowermost
Jurassic beds at the top. The upper part of the Culpeper
Group of Early Jurassic age consists of the Mount Zion
Church Basalt and associated sandstone and siltstone
members; the Midland Formation; the Hickory Grove
Basalt and associated sandstone and siltstone members:
the Turkey Run Formation; the Sander Basalt and
associated sandstone and siltstone members; and the
Waterfall Formation, mainly sandstone, siltstone, and
calcareous fossiliferousshale, with conglomerate of the
Millbrook Quarry Member at the top.

The bulk composition of the conglomerates of the
Culpeper Group shows considerable diversity of proven-
ance (Lindholm and others, 1979). Their distinctive
lithologic characteristics and restricted areal and
stratigraphic distribution permit their differentiation
into individual members and their correlation with
specific source areas.

The Lower Jurassic basalts are thought to be
synsedimentary surface flows, as no pillow structures
areevident and the flows are interbedded with relatively
unweathered sandstone, siltstone, and conglomerate;
they are believed to be fissure flows because of their
great areal extent and because pyroclastic debris is
absent from overlying, underlying, and intercalated
sedimentary rocks.

Stratigraphic correlation of the formations has been
established throughout the basins by (1) detailed field
investigations of the sedimentary succession and of the
contained fossil flora and fauna, (2) interpretation of
the conditions of transportation and deposition of
individual stratigraphic units, and (3) lithostrati-
graphic analysis of the sedimentary rocks, particularly
in relation to the stratigraphic position of the locally
fossiliferous Balls Bluff Siltstone, the Midland and
Turkey Run Formations, and the enclosing basalt flows
(fig. 2 and pl. 1.)

Thickness.—The thickness of the Culpeper Group
varies widely throughout the basins, in part because of
highly variable rates of subsidence and continental
sedimentation and in part because of erosion. In the
northern Culpeper basin of Frederick County, Md., the
measured or calculated thickness of this group is about
405 m (1,330 ft) about 2.3 km (1.4 mi) west of the
intersection of Market and Patrick Streets, Frederick,
Md., westward to east of Fuller, Md., and 627 m (2,057
ft) about 1.3 km (0.8 mi) N. 66° W. of Tuscarora, Md.,

westward to Point of Rocks, Md. It increases t0 2,962 m
(9,718 ft) across the basin from west of Dickerson,
Montgomery County, Md., to the western border about
1.8 km (0.8 mi) west of Lucketts, Loudoun County, Va.,
and to 4,965 m (16,290 ft) in the area from north of
Pender to north of Aldie, Va., and reaches a maximum
of 7,900 m (25,920 ft) in the area south of Centreville to
south of Antioch, Va., then decreases to 2,180 m (7,153
ft) in the area southeast of Mountain Run at Culpeper,
Va., to the extreme southeastern corner of the Culpeper
East 7.5-min Quadrangle, Orange County, Va. The
thickness of the Culpeper Group in the Barboursville
basin varies from 330 m (1,083 ft) to 576 m (1,890 ft).
The preserved thickness at any point in the basins is
indeterminate because of rapid lateral facies changes,
widespread diabase intrusives, and poor exposures
that may conceal major faults and unconformities.

Age.—Fossil fauna and flora, though generally
sparse throughout the Culpeper basin, represent a
diverse assemblage of continental varieties ranging
from dinosaurs and well-preserved fish to microscopic
spores and pollen. Important and diagnostic fossils and
their localities and stratigraphic position are given in
figure 2. Applegate (1956) indicated that further study
was needed to determine the specific age of fossil fish
found in the Culpeper basin. The paleontologic affinity
of the Midland Formation with the Feltville Formation
of the Newark basin, New Jersey, and the Shuttle
Meadow Formation of the Hartford basin, Connecticut
(pl. 1B), first established on the occurrence of Ptycho-
lepis marshi Newberry (Schaeffer and others, 1975, p.
207, 208), was independently supported by palynologic
studies of Cornet (1977, p. 134, 183) and by restudy of
fossil fish by Olsen (1984) and Olsen and others (1982).
These fossil fish were recovered from carbonaceous
shale at Licking Run (fig. 2), about 2 km (1.25 mi)
northwest of Midland, Fauquier County, Va.(Baer and
Martin, 1949, p. 685; Schaeffer and others, 1975, p.
226-230), and at Catharpin Creek (fig. 2), at the bridge
of U.S. Route 15 about 4.2 km (2.6 mi) north-northwest
of Haymarket, Prince William, Va., by Schaeffer and
others (1975, p. 229), who assigned a Late Triassic to
Early Jurassic(?) age to the fish beds. Olsen and others’
(1982) restudy of the fish fauna of the Culpeper basin
confirmed the Early Jurassic (Hettangian) age of the
Midland beds at the Licking Run and Catharpin Creek
localities and supported the Sinemurian and possibly
Pliensbachian age of the younger Waterfall sequence
in the vicinity of Millbrook quarry in the Thoroughfare
Gap quadrangle.

Palynological studies by Cornet (1977) identified a
Lower Passaic-Heidlersburg palynoflora of Late
Triassic age (early and middle Norian) in the lower
part of his formation K, now the Manassas Sandstone,
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and a Manassas-Upper Passaic palynoflora (middle
and late Norian) in the upper part of his formation K,
now the Manassas Sandstone and Balls Bluff Siltstone.
Cornet (1977, p. 134, 183; fossil location Mid-3-6, pl. 1B,
this paper) indicated an Early Jurassic (Hettangian to
early Sinemurian) age for the Corollina meyeriana
palynoflora in the dark-gray, fish-bearing Midland
beds (his formation I) at Licking Run. He placed the
boundary between the Upper Triassic and Lower
Jurassic above the stratigraphic level of his palynofloral
8-K2 (Cornet, 1977, p. 124; pl. 1B, this paper) that
occurs in his formation K near Interstate Route 66 in
about the center of the Gainesville 7.5-min Quadrangle.
This locality is stratigraphically in the uppermost part
of the Balls Bluff Siltstone; thus the Triassie-Jurassic
boundary apparently is above the Balls Bluff and below
the Mount Zion Church Basalt, and probably lies
within the barren sandstones and conglomerates of the
Catharpin Creek Formation.

Raymond and others (1982) determined the mag-
netization of core from representative sites within the
intrusive and extrusive rocks of the Culpeper basin (pl.
1C). Measurements of six diabase sills, four diabase
dikes, and three basalt flows yield a remanent mag-
netization after alternating field demagnetization that
exhibits good within-site and between-site directional
consistency. Paleopoles calculated from the remanent
magnetization directions of these units correspond to
the apparent polar wander path for North America at
200 Ma. Sutter and Arth (1983) determined the
0Ar/39Ar age spectrum dates and strontium isotope
geochemistry from the same six diabase sill localities
sampled by Raymond and others (1982). Whole-rock
samples yield total gas “°Ar/3%Ar apparent ages that
range from 187 to 206 Ma. *°Ar/39Ar age spectra from
the same six samples define plateau ages that range
from 192 to 200 Ma and yield a mean age of 197+4 Ma,
which they interpret as the best estimate of the age of
intrusion and crystallization of the sills. Whole-rock
samples from four of these sills have initial 87Sr/86Sr
ratios ranging from 0.7060 to 0.7066 and a rather
constant rubidium/strontium ratio of 0.10 to 0.13,
values consistent with published values for Mesozoic
diabase dikes and sills of Eastern North America. The
strontium isotopic signature of these sills is clearly
more characteristic of continental tholeiite than of
normal midocean ridge basalts.

Cornet’s (1977) palynologic study, Olsen and others’
(1982) restudy and reevaluation of the fish fauna, the
paleomagnetic pole positions of the basalts established
by Raymond and others (1982), and finally the 90Ar/3%Ar
ages of the diabase sills and dikes by Sutter and Arth
(1983) clearly establish the Early Jurassic age of the
intercalated sedimentary and igneous rocks in the

Culpeper basin. We, therefore, propose a Late Triassic
age for the Manassas, Balls Bluff, and Tibbstown
Formations, a Late Triassic and Early Jurassic age for
the Catharpin Creek Formation, and an Early Jurassic
age for the Mount Zion Church Basalt and all overlying
formations and the intrusive diabase (pl. 14).

MANASSAS SANDSTONE

The Manassas Sandstone was named for rocks
exposed in the vicinity of Manassas, Prince William
County, Va. (Roberts, 1923, 1928). This formation was
revised by Lee (1977, p. C3-C5, C11, C12; 1979, 1980).
As revised in this report (pl. 14, 1C), the Manassas
generally contains three discrete and separate len-
ticular lower conglomerate sequences, formerly part of
the Border Conglomerate of Roberts (1928), each with
pebbles and cobbles of distinctive lithologic types, such
asschist and quartzite, greenstone, or limestone. These
conglomerates are the Reston Member, which occursin
the east-central part of the Culpeper basin (Lee, 1977,
p. C8, C4 C9-C11), the Rapidan Member (new name),
which is exposed in the southeastern parts of the
Culpeper and Barboursville basins, and the Tuscarora
Creek Member (new name), which is located in the
extreme northern part of the Culpeper basin. Each
member unconformably overlies or is locally in fault
contact with pre-Triassic crystalline rocks, and each
grades intoor interfingers with the overlying sandstone
of the Poolesville Member (new name). These con-
glomerate members were probably more or less
contemporaneous during the Late Triassic; the condi-
tions of fluvial and debris-flow sedimentation were
rapid and very similar, but the provenance was
strikingly different for each. At the northern and
southern extremities of the Culpeper and Barboursville
basins, the basal outcrops are poor, conglomerate is
absent, and the units consist of fine-grained sandstones
and red-brown siltstones not typical of the Poolesville
Member; at these localities the Manassas Sandstone is
not divided (pl. 1C). The thickness of this restricted unit
was not measured, but it probably does not exceed 250
m (820 ft).

RESTON MEMBER

The Reston Member is the lower stratigraphic unit of
the Manassas Sandstone in the drainage areas of the
Potomac and Rappahannock Rivers, including Bull
Run and the Goose Creek-Seneca Creek areas (pl. 1C).
Lee (1977, p. C3, C4; measured sections 1, 2, and 3, p.
C9-C11) defined this member for the typically
weathered road-cut exposures of loose to semicompact
sand and pebble and cobble gravel east of the junction
of the south ramp of the Dulles Airport Access Road to
Reston Avenue in the northwestern part of the Vienna
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long period of uplift and erosion followed, causing deep
denudation and exposure of the interior of both the
Culpeper and the Barboursville basins.
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APPENDIX A: MEASURED SECTIONS

SECTION 1.—RAPIDAN RIVER, VIRGINIA

[Type section of the Rapidan Member of the Manassas Sandstone. Measured by K.Y. Lee using
hand level and tape, 1976, along the south side of the Rapidan River in the southern part ot the
Culpeper East 7.5-min Quadrangle; about 720 m (2,362 ft) due north of a spot (elevation 339
ft), on Virginia State Road 681, in the northeast Unionvitle 7.5-min Quadrangle, Orange
County, Va.]

Thickness
Meters Feet
Upper Triassic and Lower Jurassic:
Culpeper Group (in part):
Upper Triassic:
Manassas Sandstone (in part):
Rapidan Member:

2. Conglomerate, grayish green! (5G 5/2),
dusky-green (5G 3/2), and grayish-
olive-green (5GY 3/2), subangular to
angular greenstone pebbles and
cobbles averaging 100 mm (4 in) in
diameter; scattered gray quartzite
and vein quartz fragments within a
matrix of greenstone granules and
grayish-red sand and silt; firmly
cemented by clay and silica. Contains
grayish-red and dark-red, fine- to
coarse-grained, feldspathic and
micaceous sandstone lenses ... 33 108

1. Conglomerate, dusky-green (5G 3/2)and
grayish-olive-green (5GY 3/2), sub-
angular toangular greenstone pebbles
and cobbles averaging 128 mm (5 in)
in diameter, as large as 300 mm (12
in); scattered gray quartzite and vein
quartz fragments in matrix of green-
stone granules, dusky-red sand and
silt; cemented firmly by clay and
STHCA o 43 141

/Total thickness of Rapidan Member ... 76 249
Angular unconformity. Pre-Triassicgray

to grayish-black mica-tale-shist (not

measured).

SECTION 2.—TUSCARORA CREEK, MARYLAND

[Type section of the Tuscarora Creek Member of the Manassas Sandstone. Measured by K.Y. Lee
using hand level and tape, 1976, along Maryland State Road 28; about 800 m (2,621 ft)
southeast of the bridge of Maryland State Road 28 over Tuscarora Creek in the Buckeystown
7.5-min Quadrangle, Frederick County, Md.]

Thickness
Meters Feet
Upper Triassic and Lower Jurassic:
Culpeper Group (in part):
Upper Triassic:
Manassas Sandstone (in part):

Tuscarora Creek Member (incomplete):

2. Conglomerate, light-gray (N7) to
medium-gray (N5), grayish-red (5R
4/2)subangular limestone cobbles and
pebbles averaging 26 mm (1 in) in

1Color description are based on the “Rock-Color Chart” of the Geological Society of
America (Goodard and others, 1948).

Thickness
Meters Feet

diameter; limestone fragments are
lithographic to medium-grained; scat-
tered vein quartz, quartzite, and chert
fragments in matrix of limestone
granules and dusky-red silt; firmly
cemented by calcite. Grades into or
intertongues with dusky-red and
grayish-red feldspathic sand-

1. Conglomerate, medium-gray (N5),light-
gray (N7), subangular to rounded
limestone pebbles and cobbles,
averaging 28 mm (1 in) in diameter,
as large as 200 mm (8 in); limestone
fragmentsarelithographic tomedium-
grained; some clasts are vein quartz,
quartzite, and chert within matrix of
limestone granules and dusky-red
clayey silt; firmly cemented by
caleite oo 2

-3

Total thickness of Tuscarora Creek
Member ... 6 20

Angular unconformity. Upper Cambrian
gray to blackish-gray lithographic to
fine-grained Frederick Limestone (not
measured).

SECTION 3.—CULPEPER, VIRGINIA

[Type section of the Mountain Run Member of the Tibbstown Formation. Measured by K.Y. Lee
using hand level and tape, 1976, about 640 m (2,099 ft) southeast of the overpass bridge of
Virginia State Route 3 over the Southern Railroad in the northwestern part of the Gulpeper
East 7.5-min Quadrangle, Culpeper County, Va.]

Thickness
Meters Feet
Upper Triassic and Lower Jurassic:
Culpeper Group (in part):
Upper Triassic:
Tibbstown Formation (in part):
Mountain Run Member (incomplete):

4. Conglomerate, dusky-yellow-green (5GY
5/2), grayish-olive-green (6GY 3/2),
and grayish-green (10G 4/2), sub-
angular toangular greenstone pebbles
and cobbles averaging 128 mm (5 in)
in diameter, as large as 600 mm (24
in); scattered vein quartz, gray
quartzite, and schist fragments in
matrix of greenstone granules, dusky-
red and dark-red sand and silt; firmly
cemented by clay and silica. Commonly
intercalated with dark-red, felds-
pathic, micaceous, clayey sandstone
and siltstone. Scattered epidotization
of feldspar . 6 20

3. Conglomerate and sandstone, inter-
lensed; greenstone conglomerate, same
as unit 4. Sandstone, very dark red
(5R 2/6), grayish-red (10R 4/2); very
fine to very coarse grained, and in




part, conglomeratic; feldspathiec,
clayey, micaceous, and slightly cal-
careous; thick-bedded to massive;
clayey, silty matrix; firmly cemented
by clay, silica and locally minor
calcite
2. Covered ...
1. Conglomerate, grayish-olive- green(5GY
3/2), grayish-green (10G 4/2), angular
tosubangular greenstone pebbles and
cobbles averaging 210 mm (8.5 in) in
diameter, as large as 900 mm (36 in);
scattered vein quartz, quartzite, and
schist fragments in matrix of green-
stone granules, grayish-olive-green
and grayish-red sand and silt; firmly
cemented by clay and silica_..__._.____.

'Total thickness of Mountain Run
Member

SECTION 4.—HICKORY GROVE, VIRGINIA

[Section of the Mount Zion Church Basalt (4A). Midland Formation (4B), Hickory Grove Basalt
(4C), Turkey Run Formation (4D), and Sander Basalt (4E). Measured by K.Y. Lee using hand

Thickness

Meters

52

151

217

Feet

26
171

495

712

level and tape, 1975; about 576 m (1,889 ft) east of the intersection of Virginia State Route 701

and U.S. Route 15 at Hickory Grove, Va.; and from the base of the Mount Zion Church Basalt

in the southwest Arcola 7.5-min Quadrangle and southeast Middleburg 7.5-min Quadrangle,

Prince William County. Va.]

Upper Triassic and Lower Jurassic:
Culpeper Group (in part):
Lower Jurassic:

4A. Mount Zion Church Basalt (incomplete):
1. Basalt, medium-dark-gray (N4); weath-
ered light brown (5YR 5/6) to dark-
yellowish-brown (10YR 4/2); fine- to
medium-crystalline; chiefly equi-
granular and holoerystalline; porphy-
ritic in part; plagioclase, chiefly labra-
dorite, and augite show ophitic texture.
Scattered aggregates of magnetite and

ilmenite.

Total thickness of Mount Zion Church
Basalt (partial)
Covered.

Upper Triassic and Lower Jurassic:
Culpeper Group (in part):
Lower Jurassic:
4B. Midland Formation: (complete):

1. Sandstone, dusky-red (5R 3/4)to grayish-
red (bR 4/2); very fine to medium-
grained; feldspathie, micaceous, and
clayey; thin-bedded to very thick
bedded and planar-laminated. Inter-
calated with layers of medium-dark-
gray (N4) and dark-gray (N3) clayey
siltstone and silty shale in the lower
part. Locally intercalated with dark-
gray, fissile, silty shale, such as at the

Thickness
Meters Feet
9 30

APPENDIX A

intersection of Virginia State Route

701 and U.S. Route 15 ...
Covered (This interval contains fish-
bearing shale as at Licking Run) ...

Total thickness of Midland Formation
(complete) ..

Upper Triassic and Lower Jurassic:
Culpeper Group (in part):
Lower Jurassic:
4C. Hickory Grove Basalt (complete):

1. Basalt, medium-dark-gray (N4); weather-
ed light-brown (5YR 5/6); very fine to
very coarse crystalline; equigranular
and holocrystalline; enhedral to sub-
hedral crystals of plagioclase, chiefly
labradorite, embedded in an augite
groundmass; scattered grains of
magnetite and ilmenite. Zeolite-filled
vesicles present mainly in the upper
part.

Total thickness of Hickory Grove Basalt
(complete) ...

Upper Triassic and Lower Jurassie:
Culpeper Group (in part):
Lower Jurassic:
4D. Turkey Run Formation (complete):

1. Siltstone, dark-reddish-brown (10R 3/4),
blackish-red (5R 2/2), and grayish-
red (5R 4/2); weathered light-brown
(5YR 6/4); very fine to very coarse
grained; feldspathic, clayey, and
micaceous; very thin to very thick
bedded and planar-laminated. Inter-
calated with layers of sandstone and
silty shale; feldspar epidotized near
the contact with basalt.

Total thickness of Turkey Run Formation
(complete)

Upper Triassic and Lower Jurassic
Culpeper Group (in part):
Lower Jurassic:
4E. Sander Basalt (incomplete)(Units 1, 3, 5,
7—Dbasalts; units 2, 4, 6—intercalated
sandstone and siltstone lentils):

7. Basalt, medium-dark-gray (N4), dark-
greenish-gray (5GY 4/1), and medium-
bluish-gray (5B 5/1); weathered pale
brown (5YR 5/2), dark-yellowish-
brown (10 YR 4/2), and light-brown
(5YR 5/6); aphanitic to medium cry-
stalline; equigranular and in part por-
phyritic; plagioclase, chiefly labra-
dorite, laths intergrown with augite;
scattered grains of magnetite and
ilmenite in a holocrystalline
groundmass

Covered ...

39

Thickness

Meters Feet

93 305
288 945
381 1,250
212 695
218 715
112 367

55 181



40

6. Sandstone, greenish-gray (5GY 6/1) to
olive-gray (5Y 4/1), and moderate-
yellowish-brown (10YR 5/4); very fine
to medium-grained; feldspathic and
micaceous; thin- to thick-bedded and
planar laminated. Contains subor-
dinate amounts of clayey siltstone and
silty shale 75

5. Basalt,sameas unit 7, except porphyritic
texture common; columnar jointing
well developed ... 76

4. Sandstone, very dark red (5R 2/6) to
grayish-red (10R 4/2); very fine to
coarse-grained; feldspathic, micaceous,
silty, and clayey; very thin bedded to
very thick bedded, in part massive.
Intercalated with subordinate
amounts of siltstone and silty
shale ... ... . BB

3. Basalt, same as unit 7, except mostly
medium-crystalline; contains scattered
zeolite-filled vesicles. Porphyritic
texture common ... 55

2. Siltstone, grayish-red (5R 4/2), very
dusky red (10R 2/2) to medium- dark-
gray (N4); very fine to very coarse
grained; clayey, feldspathic, mi-
caceous, and ecalecareous; bedding very
thin to massive. Contains beds of silty
shale and fine-grained sandstone.
Epidotization of feldspar common ... 20 66

1. Basalt, medium-dark-gray (N4), dark-
greenish-gray 5GY 4/1), and medium-
bluish-gray (5B 5/1); weathered dark-
yellowish-brown (10YR 4/2) and light
brown (5YR 5/6); aphanitie to coarse-
crystalline, in part pegmatitic in
texture; equigranular to porphyritic:
plagioclase, chiefly labradorite, laths
intergrown with augite; scattered
magnetite and ilmenite in holocrystal-
line groundmass. Zeolite-filled vesicles

246

249

181

181

common in the upper part ... 303 994
Total thickness:of Sander Basalt
measured (partial) ... 751 2,465

SECTION 5.—STRATIGRAPHIC SECTION OF THE
BALLS BLUFF SILTSTONE AT THE CULPEPER
CRUSHED STONE QUARRY, STEVENSBURG,
CULPEPER COUNTY, VIRGINIA

Joseph P. Smoot

The quarry exposure is primarily composed of about
65.5 m (215 ft) of slightly thermally altered mudstones
and siltstones. These rocks are well indurated and have
a slabby to blocky parting. The sandstone and coarse
siltstone layers appear to be quartzose with a dolomitic
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cement, based on their weathering characteristics and
examination under a hand lens. Carbonate minerals
are apparently altered to epidote in a few zones. The
carbonate minerals include a tan-weathering cement,
which is interpreted as a ferroan dolomite, and a white
calcite cement. The cements are intergranular in
coarser layers and occur as tube- and erack-fillings and
as nodules in mudstones.

Most of the mudstones and siltstones have been
divided into eight lithologic types on the basis of their
primary depositional features (fig. A-1). These litho-
logic types occur repeatedly throughout the section,
defining cycles. Portions of the exposure were inac-
cesible for examination owing to the steepness of the
quarry wall. These sections (from about 1to 7 m (3.3 to
23 ft) and from 10 to 15.5 m (33 to 51 ft) below the
uppermost layer) were measured by dropping a metric
tape over the ledge and making observations with
binoculars. The lithologic types are indistinguishable
over significant portions of these sections and are
labeled lithologic type 9. Five additional lithologic
types were recognized, but each of these occur only once
in the section. These are labeled a-d.

LITHOLOGIC TYPES

1 Dark-gray to black, laminated shaly mudstone:
Laminae are defined by alternations of silt layers
with silty clay layers. The fine silt layers are flat
and continuous, and the coarse silt layers form
thick laminae which arelenticular or which pinch
and swell rhythmiecally. Sole markings resembling
trails are common on bedding planes, as are sand-
sized peloidal structures, which may be fecal
pellets or internal molds of ostracode shells. Mud
cracks are absent or rare.

2  Dark-gray and purplish-red platy mudstone that is
laminated to thin-bedded: Layering is defined by
alternations of muddy silt layers with silt to very
fine sand layers. The coarser layers pinch and
swell rhythmically or are lenticular, forming
oscillatory ripple marks on bedding planes. The
thin silt layers may have internal low-angle
inclined lamination, and the thicker layers, partic-
ularly near the tops of this lithologic type, contain
internal asymmetric, sinusoidal, cross-laminae
indicating transport to the E.-SE. The sand layers
may have scoured basal contacts and load casts.
Polygonal mud cracks are common and more
abundant toward the tops of these units. Cracks
near the base are 15-20 ¢cm (6-8 in) deep and 40-50
e¢m (16-25 in) apart, while cracks near the top are
around 5 ¢m (2 in) deep and 10-15 em (4-6 in)
apart.
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FIGURE A-1.—Stratigraphic section of the Balls Bluff Siltstone at the Culpepper Crushed Stone quarry, Stevensburg, Va.
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3 Gray and purplish-red mudstone disrupted into

breccia-like blocks by abundant red or gray, silty
mudstone-filled, polygonal cracks: The cracks are
typically narrow and jagged in cross section,
forming crosscutting polygons, each 5-10 cm (2-4
in)in diameter, in plan view. The mudstone blocks
may have internal lamination as in lithology 2,
and the layering in adjacent blocks is parallel,
showing no evidence of rotation.

4 Tan-weathering, thin beds of siltstone occurring as

layers of concave-upward, curling lenses in red
and gray silty mudstone: The siltstone beds are
commonly disrupted by broad (to 20 em (8 in)),
flat-bottomed areas of silty mudstone which define
polygonal cracks. Thesiltstone beds, have internal
asymetric, sinusoidal, ripple cross lamination or
horizontal planar-lamination and mud partings.
Small scours and internal grading are common in
the siltstone beds, and sole markings resembling
small trails, dinosaur tracks, and prod marks are
also common. The silty mudstone in the cracks
contains abundant spherical to very flattened
elliptical blobs of dolomite or caleite which are
interpreted as cement-filled vugs. The silty mud-
stone between the siltstone beds contains narrow,
jagged cracks, somefilled with dolomiteor calcite,
and fewer of the “vugs.” The siltstone lenses near
the base of these units are closely spaced and show
little curvature, while those near the top are
widely spaced and strongly curled. The upper
siltstone layers also contain numerous narrow,
angular internal cracks.

5 Massive, red ond gray, silty mudstone to muddy

siltstone with abundant narrow, jagged cracks and
calcite- or dolomite-filledspheroidal to flattened el-
liptical “vugs™ The cracksdefineirregular, cross-
cutting polygons3-10 ¢cm(0.6-4 in)indiameter and
also occur as horizontal cracks connecting the
“vugs.” Smalltubes(diameterslessthanl mm(.04))
may be present in the crack fillings.

6 Massive, red and gray, silty mudstone to muddy

siltstone with abundant narrow, jagged cracks and
dolomite- or caleite-filled tubes: The tubes are 0.2-
2.0 mm (.008-0.8 in) diameter, sinous, and mostly
oriented perpendicular to bedding and may bifur-
cate and taper. The cracks are similar to those of
lithology 5 except in the upper parts of the units
where the cracks are wider and the polygons have
greater diameters (as much as 20 em (8 in)). The
tubes appear to preferentially occur within poly-
gonal crack fillings near the bases of the units and
are more randomly distributed near the tops.

7 Massive, red and gray, muddy siltstone to silty

mudstone with abundant dolomite-or mud-filled

tubes and 10-20 em (4-8 in) deep, narrow, sinuous
cracks: The tubes range in diameter from sub-
mm-to em-scale, commonly branch and taper, and
are randomly distributed. Some of the smaller
tubes are filled with calcite, and the larger tubes
are commonly filled with coarse silt and nodular
dolomite. The cracks are mostly filled with muddy
silt containing dolomitic cement and define poly-
gons 20-40 ¢m (8-16 in) in diameter.

8 Massive, gray to black, sandy mudstone or siltstone

with abundant dolomite- and calcite-filled tubes
and disseminated sulfide minerals: The tubes
range in diameter from sub-mm- to em-scale and
may branch and taper or remain the same
diameter for their exposed length. Dolomitic
nodules are common in the larger tubes and are
also randomly scattered (the largest reaching 15
cm (6 in) in diameter). Narrow, sinuous cracks
20-30 cm (8-12 in) long are common and define
polygons 30-40 cm (12-16) in diameter. Small,
irregular patches of sandstone are probably
remnants of bedding disrupted by bioturbation.
Low-amplitude, long-wavelength (30-40 cm (12-
16 in)), symmetric ripple structures are present
on some of the upper bedding planes.

9  Undiffentiated, massive, red and gray, silty mud-

stone: The sedimentary features are probably the

same as either lithology 5 or lithology 6.

a Black, peloidal sandstone with mud clasts to
granule size: The layer is 1-7 cm (0.4-2.8 in)
thick lying on a sharp, erosional basal contact
with as much as 4 em (0.8 in) relief. Thin
bedding is defined by changes in grain size
and thin, shaly partings. The overall unit
appears to be coarse-tail graded. Dissem-
inated sulfide minerals are abundant.

b Dark-gray, tan-weathering, sandy mudstone
with sandstone lenses and pods: Sandstone
lenses are 1-5 ecm (0.4-2.0 in) thick and 5-10
cm (2-4 in) long and have internal flat
lamination to cross-lamination. The lamina-
tion is commonly deformed into concave-
convex folds which appear to be coincident
with dinosaur tracks on the bedding surface.
Polygonal cracks 10-20 cm (4-8in) in diameter
are common, as are tubes filled with sand,
mud, and dolomite. Sulfide minerals are
abundant in the sandstone lenses.

c A lenticular oovlitic calcarenite overlying the
irregularly humpy bedding surface of lithology
8: The upper surface of lithology & is dom-
inated by nodules of dolomite and epidote,
large tubes, polygonal ridges, and trails of
poorly defined dinosaur tracks. Some of the
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humpiness may be due to superimposed
tracks. The humpiness appears to decrease
downdip, and the polygons have larger
diameters and are less ridgelike in that
direction (west). The ovlitic calcarenite varies
inthickness from 0 to 20 cm (8 in). It contains
flat-lying, pebble-sized clasts of mudstone
and laminar micrite. The laminar micrite
also occurs as humpy layers within the
calcarenite. Disseminated sulfide minerals
are abundant.

d Mudstone with flaggy partings and beds of
curled siltstone lenses, viewed through bi-
noculars: The siltstone lenses appear to be
present at the basal contact and a few other
horizons within this lithology. The lower
meter appears to have thinner parting than
the upper meter. The weathering style of
this zone is similar to the lower meter of
cyele 16.

e Shaly to flaggy mudstone interval, viewed
through binoculars: Large mud cracks are
visible in the upper portion, whereas none
were seen in the lower part. Therefore, the
basal part is assigned to lithology 1 and the
top is assigned to lithology 2.

INTERPRETATION OF THE
ENVIRONMENT OF DEPOSITION

Lithology 1 is interpreted as the bottom sediments of
a perennial lake that may have been very deep at some
times. Lithology 2 is interpreted as a shallower, wave-
reworked lake deposit that was intermittently sub-
aerially exposed and desiccated. Lithology 3 is
interpreted as lake sediments that were subaerially
exposed and intermittently rewetted. The brecciation
is believed to be the result of repeated desiceation with

very little sediment accumulation. Lithology 4 is in-
terpreted as the deposits of a temporary lake which
were disrupted by desiccation eracks during prolonged
periods of subaerial exposure. Lithology 5 is inter-
preted as heavily desiccated deposits of an aggrading,
playalike mudflat. The vugs are believed to be vesicles
formed during flooding events over the dry flats.
Lithologies 6 and 7 are interpreted as root-disrupted
deposits of vegetated subaerial flats. Lithology 6 is
believed to represent drier conditions than lithology 7
because the mud eracks are smaller and narrower and
the proposed root structures preferentially occur in the
cracks. Lithology 8 is interpreted as the deposits of a
vegetated, intermittently desiccated, shallow lake
margin.

The cycles are defined by the systematie vertical
changes from rocks having well defined layers to rocks
that are internally massive. The contacts between the
cycles are abrupt, while the boundaries between litho-
logic types within the eycles are gradational. Two end-
member types of cycles are proposed: 2-1-2-3-4-6-7-8
and 4-5-6-7. The cycles are interpreted as representing
transgressions and regressions of a lake, probably due
to elimatic changes. Cycles of the longer type, which
are predominately gray colored, are interpreted as
representations of overall wetter conditions than the
shorter cycles, which are predominately red. Trans-
gressions are believed to be from the west-northwest
toward the east-southeast. This interpretation is based
on the cross-lamination in asymmetric oscillatory ripple
structures in lithologies 2 and 4 and the observed
lateral transitions within beds of lithology 4 from
better layered on the western side of the quarry tomore
mud cracked on the eastern side. The shorter eycles
appear to be more abundant at the base of the section.
The cycles gradually change to the longer variety
toward the middle portions of the section, and then
start to change to the shorter variety toward the top.
This may represent a longer term climatic eyclicity.
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APPENDIX B: DRILL AND CORE HOLE
DESCRIPTIONS AND COLUMNS

(Geologic logs of selected water wells and core holes, Culpepper basin,
Va.)

WELL E.—U.S. GEOLOGICAL SURVEY TEST HOLE
F-51V 14F
Fox Mill Subdivision, Fairfax County, Va.

Well no. 51V-14F

Elevation: 340 ft

Location: lat 38° 55'28" N.,
long 77° 23'27" W.

Formation: Triassic Manassas
Sandstone: Poolesville
Member, Reston Member;
Peters Creek Schist

Quadrangle: Herndon 7.5-min

Total depth: 305.5 m (1,002 ft);
-202 m (-662 ft)

Logged by J.D. Larson and A.J.
Froelich, Oct. 20-26, 1978

i[;efezht' Lithology Remarks
0-3 Soil and Sand and silt, yellow brown; loose
alluvium quartz pebbles.

Culpeper Group, Manassas Sandstone (partial), Poolesville Member

(partial)
3-10 Siltstone and Red-brown, soft, micromicaceous,
shale fractured, noncalcareous.
10-60  Siltstone and Red-brown to grayish-red (10R 4/2);
shale in part very calcareous matrix
and fracture filling; firm.
60-100 Sandstone and Red-brown to purplish-brown;
siltstone interbedded, micromicaceous,
firm, platy, arkosic, in part
calcareous; first water influx at
75 ft.

100-110 Sandstone Fine- to medium-grained, reddish-
brown and gray, with scattered
coarse subangular quartz and
feldspar grains to 2.0 mm.

110-130 Siltstone and Reddish-brown (10R 3/4 to 10R 4/2);

shale interbedded, firm, platy,
noncalcareous.

130-180 Sandstone Fine- to medium-grained, with
medium, coarse, and very coarse
grains of quartz and feldspar at
170-180 ft, reddish-brown (10R
4/2), in part with calcareous
matrix; slight water influx.

180-200 Siltstone and Very fine grained, grayish-red (10R

sandstone 4/2), platy, micromicaceous,
brittle.

200-240 Sandstone Medium- to coarse-grained and
conglomeratic, with abundant
quartz and schist fragments,
gray, arKkosic, partly caleareous.

240-280 Siltstone and Very fine grained, grayish-red (10 R

sandstone 4/2), in part mottled green and
gray at 280-290 ft, noncalcareous
except for rare calcite veinlets.

280-290 Sandstone Reddish-brown (10R 3/4) to gray,

mottled; medium- to coarse-

Depth.

. arks
in feet Remarks

Lithology

grained and conglomeratic, in
part slightly calcareous.

Grayish-red (10R 4/2), fine-grained,
arkosic, micromicaceous,
noncalcareous.

Gray, medium- to coarse-grained
and conglomeratic, arkosic, in
part with calcareous cement.

Reddish-brown (10R 3/4), very fine
to fine-grained, micaceous, silty
and clayey matrix, noncalcareous.

Gray, very coarse grained to
conglomeratic, abundant quartz
and schist fragments 1.0 to 2.5
em.

Dusky-red-brown (5R 3/4), very fine
grained, micromicaceous, mostly
noncalcareous.

Dusky-red-brown (5R 3/4) and gray,
very coarse to medium-grained,
scattered quartz pebbles, blocky.

Red brown (5R 3/4), very fine to
medium-grained, arkosic,
micromicaceous, platy.

Grayish-red-brown (5R 4/2), in part
mottled gray and green,
interbedded, with calcite and
quartz fragments; impure
mottled silty limestone at 470-480
ft.

Siltstone and
sandstone

290-320
320-330 Sandstone
330-350 Sandstone

350-360 Sandstone

Siltstone and
sandstone

360-390
390-400 Sandstone
Sandstone

400-450

Sandstone and
siltstone

450-545

Top Reston Member (complete, 19.8 m (65 ft))

545-590 Red-brown (5R 4/2), abundant
angular quartz and schist
fragments to 2.5 ¢m; matrix is
medium- to coarse-grained
arkose; malachite stain at 580-590
ft.

Brownish-gray (5YR 4/1), abundant
quartz and schist pebbles and
fragments to 2.5 em; matrix is
fine-grained sandstone and
siltstone.

Conglomerate

590-610 Conglomerate

Base Reston Member, Unconformity, Peters Creek Schist

610-620 Weathered schist, reddish-brown
and greenish-gray, mottled,
polyfoliated.

Greenish-gray, chloritic, slightly
weathered at 620-630 ft;
abundant vein quartz at 650-660,
700-710 ft, with traces of pyrite
and magnetite.

Silvery-gray-green (5GY 4/1),
chloritic, sericitice(?), polyfoliated;
abundant vein quartz at 730-740,
790-840 ft, with traces of fresh
pyrite and magnetite.

Silvery-gray-green (5GY 4/1),
chloritic, micaceous, in part
quartzose, in part pelitic with

Saprolite

620-710 Schist

Schist

710-840

840-1002  Schist
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g]et]f)et: Lithology Remarks i[')]egg' Lithology Remarks
fine-grained metagraywacke, 70-90 Sandstone and  Sandstone, fine grained, pale brown
polyfoliated; abundant vein siltstone to brown-gray, calcareous,
quartz at 840-850, 880-900, 930- micaceous; siltstone, pale to
950 ft; with traces of pyrite, moderate brown, calcareous,
magnetite, and garnet(?), pyrite micaceous; scattered copper
common from 930-1,002 ft; minerals: malachite, azurite,
increase in water inflow to 50 cuprite, chrysocolla at 85-92 ft (X-
gal/min between 840 and 900 ft. ray 1.D.)
90-100 Siltstone and Moderate-brown, calcareous,
NOTE.—The section of the Reston Member and partial Poolesville shale micaceous.
Member of the Manassas Sandstone penetrated apparently con- | 100-170  Sandstone and  Sandstone, fine- to medium-grained,
stitutes a stacked succession of eight upward-fining fluvial siltstone moderate-gray brown, scattered
sequences, with the bases at 610, 400, 360, 330, 290; 240, 180, and coarse-grained sandstone and
110 ft. pebbles at 160-170 ft; calcareous,
micaceous siltstone, as above;
IColor descriptions are based on the “Rock-Color Chart” of the tracg copper mlperals—azurlte,
Geological Society of America(Goodard and others, 1948). cuprite, malachite—at 150-160 ft,
scattered calcite crystals at 130,
150, 160 ft.
170-200 Sandstone and Sandstone, fine- to medium-grained,
siltstone pale- to moderate-brown, scattered
coarse-grained sandstone and
pebbles at 190-200 ft, abundant
WELL G.—FAIRFAX COUNTY WATER loose sand; calcareous, micaceous;
AUTHORITY WELL NO. TW-1 siltstone, as above.
Brookfield, Va., U.S. Route 50 and Flatlick Branch 200-280 Siltstone and Siltstone, pale- to moderate-brown
sandstone and gray-red, calcareous,
micaceous, fissile; sandstone and
USGS well no.: 51V-23H Quadrangle: Herndon 7.5-min loose sand, as above; copper at 230
Elevation: 280 ft Total depth: 305 m (1,000 ft); ft, calcite crystals and veinlets at
Location: lat 38°53'20” N., -219.5 m (-720 ft) 240-270 ft.
long 77°25'17" W. Logged by J. Carey and S, 280-390  Siltstone Gray-red, micromicaceous,
Formation: Triassic Manassas Morsches, Aug. 10-24, 1979 calcareous matrix and veinlets at
Sandstone (partial); 290, 320 ft; copper minerals
Poolesville Member (azurite, malachite) at 320, 350 ft.
(partial) 390-450  Siltstone and Siltstone, as above; sandstone and
sandstone loose sand, fine- to medium-
Depth, Lithology Remarks grained, as above; coarse-grained
in feet sand at 410-420 ft.
0-3 Soil and Clay, silt, sand, quartz pebbles; 450-480 Siltstone As above; in part, fine sandy at 460-
alluvium yellow-brown, micaceous, loose. 470 ft.
480-520 Siltstone and Siltstone, as above; sandstone, as
Culpeper Group, Manassas Sandstone (partial) Poolesville Member sandstone above; medlu}'xl-coarse—graxned
(partial) sgndstone, friable, at 490-500 ft
with calcite crystals. (Note:
3-20  Sandstoneand  Sandstone, very fine grained, light- Casing run at 500 ft; flowing 15
siltstone blue-gray to light-olive-gray, very gal/min at surface prior to
micaceous; interbedded with installation of casing)
siltstone, moderate-brown, 520-540  Siltstone and Siltstone, as above; shale, moderate-
calcareous, micromicaceous, platy shale brown, calcareous, micromicaceous,
to fissile. fissile, in part silty, scattered clacite
20-30  Siltstone and Moderate-brown, calcareous, crystals and veinlets at 520-530 ft.
shale micromicaceous, platy- fissile, 540-670 Sandstone and Siltstone, fine- to medium-grained,
interbedded. siltstone moderate-gray-brown, calcareous,
30-70  Siltstone and Sandstone, fine- to medium-grained, micaceous; siltstone, as above;
sandstone scattered coarse grains and shale, moderate-brown, silty at
conglomeratic at 60-70 ft; green- 580-590 ft.
gray to light-gray, abundant loose | 670-690 Sandstone Medium- to fine-grained, moderate-
quartz grains, in part micaceous, brown, calcareous, micaceous,
calcareous; siltstone as above; silty.
scattered calcite crystals at 50-60 | 690-710  Sandstone and As above.

ft.

siltstone
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R\ef':eht‘ Lithology Remarks 3‘9&?{ Lithology Remarks
710-730 Sandstone As above, fine- to medium-grained, 180-200 Shale Gray-red, micaceous, calcareous
with cuprite(?) and chrysocolla matrix.
and malachite, scattered calcite 200-250 Siltstone and Gray-red and moderate-brown,
crystals as above. shale micaceous, calcareous matrix,
730-750 Sandstone and As above. sparse calcite fracture fillings.
siltstone 250-290 Siltstone Moderate-brown, micaceous,
750-760 Siltstone As above. calcareous matrix and vein
760-790 Siltstone and As above. filling.
sandstone 290-330 Siltstone and As above.
790-820  Sandstone Medium- to fine-grained, moderate- shale
brown, caleite crystals and 330-470 Shale Moderate-brown, argillaceous, gray-
veinlets. red, micaceous, calcareous, silty;
820-840 Sandstone and As above. with scattered calcite veinlets.
siltstone 470-510 Siltstone As above. (Note: Intermediate
840-880 Missing casing run at 500 ft)
880-970  Sandstone Fine-grained, as above, calcite 510-700  Siltstone Moderate-brown, micaceous,
crystals at 880-900 ft. calcareous, argillaceous, fissile to
970-990 Missing platy; trace copper mineral
990-1,000  Sandstone Fine-grained, as above. malachite (at 560, 630, 660, 690 ft)
calcite crystals and veinlets
1,000 Total depth At total depth, well flowed at 25 common.
gal/min prior to pump test; 11-hr 700-767 Siltstone and Moderate-brown, micaceous, fissile,
pump test at 350 gal/min with 95- shale calcareous.

ft drawdown.

NoOTE.—Geophysical logs available: Gamma ray to 656 ft; caliper to
654 ft; multipoint electric to 656 ft (16 in and 64 in normal
resistivity).

WELL H.—FAIRFAX COUNTY WATER
AUTHORITY WELL NO. TW-2

U.S. Route 50 1.5 mi west of Chantilly, Va. at Friendly Village
(of Dulles) Trailer Park

USGS well no. 51V-24H
Elevation: 260 ft
Location: lat 38°53’50” N.,

long 77°27'25" W.
Formation: Triassic Balls Bluff

Quadrangle: Herndon 7.5-min

Total depth: 233.8 m (767 ft);
-154.6 m (-507 ft)

Logged by J. Carey and S.
Morsches, Aug. 7-8. 1979

N oTE.—Geophysical logs available: Gamma ray to 503 ft; caliper to
503 ft; multipoint electric to 503 ft (16 in and 64 in normal

Siltstone
Ii)ne?::{ Lithology Remarks
0-3 Soil Clay, silt, and sand, yellow-brown,

loose, scattered pebbles.

Culpeper Group, Balls Bluff Siltstone (partial)

3-40 Siltstone Moderate-brown to gray-red,
micaceous, calcareous, soft.
40-100 Siltstone Gray-red, micromicaceous, in part
with very calcareous matrix and
calcite fracture filling.
100-150 Siltstone and Gray-red, micromicaceous,
shale calcareous matrix and calcite
vein fillings.
150-170 Siltstone As above.
170-180 Shale and As above.
siltstone

_ resistivity).
Well yield while drilling (air pumped with compressor on rig):

Depth (feet)

Est. yield (gal/min)

300 200
325 400 (picked up a lot of water between
310 and 320 ft)
500 425
680 150
(Cased to 500 ft)

WELL L.—FAIRFAX COUNTY WATER
AUTHORITY WELL NO. TW-3
Braddock Road and Flatlick Branch

USGS well

no.:51V-13A

Elevation: 230 ft

Location: iat 38°52’05" N.,

long 77°27'55" W.

Formation: Triassic Balls Bluff

Quadrangle: Manassas 7.5-min

Total depth: 198 m (650 ft);
-128 m (-420 ft)

Logged by J. Carey and S.
Morsches, July 11-30, 1979

Siltstone and hornfels—thermally

metamorphosed siltstone

e e;’;:t' Lithology Remarks
0-3 Soil and Clay, silt, sand, gravel, yellow-
alluvium brown; quartz and siltstone
pebbles, loose.
Culpeper Group, Balls Bluff Siltstone (partial)
3-50 Siltstone Gray-red, calcareous,

micromicaceous, argillaceous,
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g\egeht' Lithology Remarks
platy, fissile; scattered calcite
crystals and veinlets.

50-110  Siltstone and Siltstone, pale-red to gray-red, as
shale above; shale, gray-red, calcareous,
fissile, silty, scattered claystone.

110-190 Siltstone As above, minor shale-claystone,
gray-red, calcareous, micaceous;
scattered calcite crystals and
veinlets.

190-210 Siltstone, shale,  Siltstone and shale; as above;

and sandstone sandstone, very fine grained.
210-220  Siltstone and As above.
shale

220-230 Siltstone, shale, Siltstone and shale; as above;

and sandstone sandstone, very fine grained,
gray-red, calcareous.

230-250 Siltstone Gray-red, calcareous,
micromicaceous (Note: Flow
gaged at 24 gal/min)

250-280 Siltstone and As above.

shale

HORNFELS—Thermally metamorphosed siltstone

280-290

290-300
300-350

350-370

370-530

530-600

600-650

Siltstone, shale,
and hornfels

Siltstone

Siltstone and
hornfels

Siltstone

Siltstone and

hornfels

Hornfels and

siltstone

Siltstone and
hornfels

Siltstone and shale, as above;
hornfels, grayish-green, silicious,
abundant epidote and calcite.

As above.

Siltstone, gray-red to dusky-brown,
gray-brown, argillaceous,
micaceous, calcareous; hornfels,
greenish-gray and red, hard,
laminated with abundant (30
percent) epidote, calcite, quartz
and feldspar crystals.

Gray-red, argillaceous, micaceous,
caleareous; abundant epidote,
copper mineral (malachite?).

Siltstone, gray-red, laminated,
calcareous, very hard;
interbedded with hornfels, dark-
gray, green, abundant epidote,
feldspar. (Note: Flow gaged at 35
gal/min, installed casing to 500 ft)

Hornfels, dark-gray, yellow-gray,
olive-gray, with epidote, calcite,
felspar, biotite; siltstone, gray-
brown, slightly calcareous.

Siltst one, brown to dusky-brown,
hard, brittle, laminated,
calcareous, micaceous; hornfels,
dusky-brown to light-olive-gray;
abundant epidote and feldspar;
well flowed at 5 gal/min at total
depth.

CORE L OF THE MIDLAND FORMATION AT
LICKING RUN

Joseph P. Smoot

This core was taken through the Midland Fish Bed, a
fossiliferous Lower Jurassic calcareous shale, formerly
exposed at the Licking Run dam site in the Midland
7.5-min Quadrangle. It starts in a sandstone overlying
the shale and ends in red mudstones beneath it. About
15 m (50 ft) of core was recovered and is illustrated in
the measured section (fig. B-1). The thicknesses
presented here and their relative depths were deter-
mined by direct measurement of the recovered material,
which probably has resulted in some inaccuracies. The
relationships presented here are a reconstruction made
by matching the ends of broken core segments, by
determining the orientation by sedimentary structures,
and by matching similar sedimentary features or
trends where necessary. Two important contacts,
which were not well determined, are the red-to-gray
color transition and the diabase-sandstone contact. The
color transition appears to be very sharp, but the lower
contact of the gray mudstone is a drilling spinout;
however, a matching spinout was not observed on top of
the underlying red siltstone. The base of the sandstone
overlying the diabase appears to be thermally altered
and, thus, is probably correctly oriented. However, the
pieces do not fit, suggesting that there may be some
material missing between the two lithologies.

The lowest portion of the core consists of silty mud-
stones that contain abundant mud cracks and bio-
turbation and thin sandstones that form sharp-based,
graded units dominated by ripple cross-lamination.
These are followed by silty mudstones that have larger,
better defined burrows and deeper, wider cracks.
Sandstones associated with these mudstones are dom-
inated by ripple cross-lamination like the sandstones
below,but they have load casts and foundered ripples at
their bases and soft-sediment deformation is common.
The red-to-gray transition occurs within this portion of
the core. Above this is a fine-grained silty mudstone
containing abundant carbon-filled tubes and zones of
thin, flat silt laminae. A brownish, organic-matter-
rich, calecareous shale containing fish fossils abruptly
overlies an ostracodal sand that fills a scour contact in
the underlying silty mudstone. The brownish shale
grades back into the gray silty mudstone with an
increase in bioturbation. The mudstone becomes coarser
grained upward by a gradual increase in the thickness
and number of silt laminae. This culminates in a
medium-grained sandstone with dune-scale crossbeds
fining upward into rippled siltstone. After the thin
diabase intrusive, a thick sequence of flat-laminated,
fine-grained sandstone marks the top of the core.
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FIGURE B-1.—Core of the Midland Formation at Licking Run.
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EXPLANATION
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Silty mudstone and micritic carbonate
Fine siltstone and muddy siltstone
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Medium sandstone and clumps of micrite
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FIGURE B-1.—Continued.

LITHOLOGIC UNITS

1 Muddy siltstone with interbeds of flat- to wavy-

laminated coarse siltstone: The coarse siltstone
layers may have ripple eross-lamination and are
commonly disrupted by tubes (burrows?). The
muddy siltstones appear to be bioturbated
(abundant tube cross sections), and narrow,
jagged mud cracks are abundant. Scattered,
anhedral to euhedral crystal molds are common
and are usually filled to partially filled with
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calcite cement. These molds preferentially follow
cracks and tubes in some cases. An irregularly
shaped pod of coarse siltstone near the base may
be a large track.

2 Coarse siltstone to very fine sandstone forming

graded beds 5-20 em (2-8 1n) thick: Each graded
bed consists of a basal, flat-laminated, mud
intraclast-rich layer overlying a flat, erosional
contact. It is capped by a deceleration-of-flow
sequence of trough-shaped, ripple cross-laminae;
wavy, draped ripple cross-laminae; and bio-
turbated flat laminae. Crystal molds similar to
those in unit 1 are common near the tops of
graded beds.

3 Muddy siltstone with coarse siltstone interbeds: The

muddy siltstone appears to be bioturbated, in-
cluding numerous mud- and silt-filled tubes,
some with internal spreiten (Scoyenia?). The
coarsesiltstone layers have sharp basal contacts,
many with load casts, and may be graded or have
internal pinch-and-swell laminae. They are
commonly disrupted by tubes. Mud cracks at the
base and top of this unitare 10-15e¢m (4-6 in) long
and up to 3 ¢m (1.2 in) wide. Crystal molds
similar to those in unit 1 are common, filling
cracks and tubes. A graded bed 20 em (8 in)
thick, composed of coarse silt laminae with
internal pinch-and-swell and ripple lamination
alternating with muddy silt layers, appears tobe
dipping more steeply than the surrounding
layers.

4  Graded, very fine grained sandstone in thin beds

with than mudstone partings: Sandstone beds in
the lower 70 cm (28 in) are similar to those of unit
2, but the partings are a silty clay with mud
cracks. Sandstones in the upper 70-80 e¢m (28-32
in) are generally thinner, 1-5 cm (0.4-2 in) thick,
lack the trough-shaped ripples, and have soft
sediment deformation, including oversteepened
foresets, loadecasts, and foundered silt ripples.
The clay layers are thinner and mud cracks are
absent. Crystal molds similar to those in unit 1
arescattered and rare except for alarge patch at
the top of this unit.

5 Muddy siltstone with some graded beds of coarse

siltstone: The muddy siltstone is heavily bio-
turbated except for a layer 5em (2 in) thick with
flat lamination of muddy silt alternating with a
grayish silty mud. Two zones of coarse siltstone
are composed of several graded beds 2 to 5 cm
(0.8-21n) thick with wavy ripple cross-lamination
at the base and bioturbated muddy silt at the top.
The thin beds are commonly disrupted by tubes.
Sinuous mud cracks begin at several levels in
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thisunitand are 10-15cm (4-6 in) long and up to 2
em (0.8 in) wide. The red-gray color change is
sharp, but there is a spinout cone at the contact.

6 Veryfine grained sandstone to coarse siltstone beds
alternating with bioturbated muddy stltstone:
The lowest sandstone bed, 10 ¢m (4 in) thick, has
internal low-angle, climbing ripple cross-
laminae. The upper contact was disrupted by
drilling and is overlain by unoriented chips of
bioturbated siltstone with wood fragments. The
second sandstone bed is graded with a de-
celeration-of-flow sequence of trough-shaped,
ripple cross-laminae grading to high-angle,
climbing ripples capped by wavy laminated silt
with bioturbation. The siltstone beds are graded
and are progressively thinner upward. Wavy,
ripple-scale cross-lamination occurs at the bases
of the thicker siltstone beds,and pinch-and-swell
laminae with low-angle, inclined lamination
occur at the bases of the thinner siltstone beds.
Small mud cracks occur in the muddy silt
partings of the lower coarse siltstone beds, and
mud cracks 20-30 em (8-12 in) long occur in the
upper portion of this unit. Carbon-filled, sub-
mm tubes are also present in the upper portion of
this unit. They appear to branch and taper and
are interpreted as roots.

7  Silty mudstone and fine muddy siltstone: Most of
this unit is massive, with abundant carbon-filled
tubes interpreted as roots and possibly plant
stems. Siltstone layers form vague to well-defined
graded thin beds, and laminated zones with
pinch-and-swell layering are present. Sulfide
minerals are abundant, associated with the
carbon-filled tubes. (See the subunits of the
expanded section, fig. B-1, for more details.)

8 Organic-matter-rich, calcareous shale: The lower
portion is finely laminated with alternations of
brown organic material and mieritic carbonate.
The upper portion contains layers of sand- to
granule-sized micritic clumps which are draped
by the finer laminae. The basal contact is an
ostracodal sandstone containing wood fragments.
A zone of crumpled, flaky material 30 em (12 in)
thick is probably fault gouge. (See the subunits
of the expanded section, fig. B-1, for details.)

9 Silty mudstone and muddy siltstone: The lower
portion of this unit is mostly silty mudstone and
is heavily bioturbated. Rinch-and-swell laminae
of silt increase in number and thickness upward,

and two graded sandstone beds with internal °

ripple cross-lamination complete a coarsening-
upward sequence. Another coarsening-upward
sequence is composed of graded thin beds with
internal pinch-and-swell lamination. The base of

each graded bed is massive and the top is bio-
turbated. Bioturbation increases toward the top
of the sequence, mixing the coarse- and fine-
grained sediments together. A third coarsening-
upward sequence is present at the top of the unit,
with a poorly recovered silty clay at the base and
bioturbated muddy siltstone with carbon-filled
tubes at the top.

10  Medium-grained sandstone capped by coarse silt-
stone: The basal sandstone forms two dune-scale
crossbeds (15 and 20 em (6 and 8 in) thick) with
wavy-ripple cross-laminae at their bases. The
crossbeds are capped by 8 em (3.2 in) of slightly
finer sandstone with low-angle, climbing-ripple
cross-laminae. The climbing ripples are thinner
upward and bioturbated at the top. The coarse
siltstone is wavy laminated with some low-angle
cross-laminae at the base and increased bioturba-
tion toward the top. The basal contact with the
sandstone is sharp. Carbon-filled tubes similar
toroots occur throughout and increase in number
toward the top.

11 Muddy siltstone with a fine sandstone interbed: The
muddy siltstone is similar to the upper part of
unit 9. A ripple cross-laminated, fine-grained
sandstone 4 em (1.6 in) thick overlies a coarse
siltstone with wavy lamination. A discontinuity
in the core separates the sandstone from a
bioturbated muddy siltstone, which is indurated
atits base and a hornfels in theupper 5 cm (2 in).

12 Diabase: The diabase is aphanitic and vesicular at
the base and top. It is fine to medium crystalline
in the center. The upper contact appears to be a
spinout cone.

13 Fline sandstone with flat, horizontal discontinuous
lamination: The lamination is formed by alterna-
tions of pinch-and-swell, quartzose laminae
alternating with thinner, finer grained, more
continuous, micaceous laminae. The layering
thickens and thins with the relative dominance
of the two lamina types. The lowest portion of the
sandstone appears to be coarsest and is very
indurated (metamorphosed). The micaceous
layers show the most evidence of thermal altera-
tion. Bioturbation occurs in two of the most
thinly laminated zones.

14 Loose chips of sandstone and basaltic fragments:
Some of the sandstone chips appear to be
thermally altered.

LITHOLOGIC SUBUNITS

a Massive silty mudstone with abundant sub-mm,
carbon-filled tubes: The laminated portion in the
middle has very fine grained siltstone layers
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which pinch and swell slightly. The silty mud-
stone above the laminated portion contains
carbonized wood fragmentsas much as2cem (0.8
in) long and mud-filled tubes. Sulfide minerals
occur with the carbon-filled tubes and wood
fragments.

b Calcite-cemented, silty mudstone surrounding a
prece of carbonized wood (concretion?): Both the
wood and the mudstone have septarianiike cracks
with calcite cement linings. The wood is lined by
a layer of sulfide minerals which also form
irregular blebs within it. Very fine grained
sandstone occurs adjacent to the wood.

¢ Silty mudstone with interbeds of muddy stltstone:
The muddy siltstone beds have indistinct contacts
and contain mud-filled tubes. Carbon-filled tubes
with abundant sulfide minerals are common in
both mudstone and siltstone.

d Silty mudstone with interbeds of coarse siltstone:
The two lower siltstone layers have graded,
pinch-and-swell laminae separated by silty
mudstone laminae. The layering is disrupted by
carbon-filled tubes and larger silt-filled tubes.
The upper siltstone layer is massive at the base
with a sharp, irregular basal contact. It grades
into a finer siltstone with pinch-and-swell laminae
similar to the lower layers. Carbon-filled tubes
with abundant sulfide minerals are common
throughout.

e Massive silty mudstone with carbon-filled tubes
contarning sulfide minerals: The laminated
portion has thin, fine-grained, siltstone laminae
which pinch and swell slightly. The upper
transition to massive silty mudstone is grada-
tional. A crack filled with fine-grained silt is
present below the laminated layer.

f Laminated siltstone and silty mudstone: Siltstone
laminae pinch and swell or are lenticular with
internal low-angle, inclined lamination. Silt-
filled tubes disrupt lamination, and a crack
filled with ostracodal sand extends down from
the overlying layer. Carbon-filled tubes with
sulfide minerals are present.

g Ostracodal sandstone: Three coarse-tail graded
sandstone beds, composed of articulated and un-
articulated ostracode shells, grade into brown,
calcareous mudstone with scattered ostracode
shells. The basal contacts of the two lower sand-
stone layers appear to cut into the underlying
beds, while the third layer is flat bottomed. The
two lower layers also appear to be soft-sediment
deformed. A large piece of carbonized wood is
present at the base of the first layer, and a small
piece of carbonized wood is present in the second
layer.

h Laminated brown micritic carbonate and organic
material: Sub-mm lamination is defined by
blebby carbonate laminae and thinner, more
continuous organic laminae. The lamination
appears to thicken toward the top of this unit and
to become more irregular, and the carbonate
laminae appear to be more sandy owing to larger
blebs. Some micrite-filled tubes are present in
this upper part. Fish fossils, fecal pellets, and
conchostracans are present in some layers.

1 Laminated brown micritic carbonate and organic
material with layers of coarse sand- to pebble-
stzed micrite clumps: The lamination is similar to
that of subunit h, but thick laminae of porous-
looking micritic clumps are comman. The largest
clumps lie flat on underlying laminae and are
draped by the overlying laminae. Synsed-
imentary faults are common, and a layer of
lamination 3 em (1.2 in) thick is tilted by a fault
near the top of the subunit. Conchostracans are
present in some layers.

] Laminated brown micritic carbonate, organic
material, and gray silty mudstone: The gray
mudstone laminae are thicker, flatter, and more
continuous than the carbonate laminae. The
mudstone laminae are more abundant toward
the top.

k Flakes of fine-grained, silty mudstone tn a muddy
matriz: The mudstone flakes are similar to the
mudstone in subunit j. The flakes are browner at
the base and grayer toward the top. Slickensides
are common on the larger flakes: a probable
fault gouge.

1 Massive silty mudstone with abundant silt- and
mud-filled tubes: The laminated portion at the
base is similar to subunit j. Numerous tubes
oriented roughly parallel to bedding are present
in the rest of the subunit. Several shaly, brown-
colored layers 1-2 cm (0.4-0.8 in) thick have less
obvious bioturbation except for tubes oriented
perpendicular to layering. Ostracodes are
abundant in some layers and are uncommon in
the brown layers.

m Laminated siltstone and silty mudstone: Siltstone
laminae have sharp basal contacts, and the
thicker ones have load structures. The laminae
near the base are thin and flat, grading into
thicker laminae that pinch and swell. Fining-
upward sequences with coarse siltstone laminae
at their base are present in the upper portion of
the subunit. Ostracodes are abundant in the
finest grained layers of these sequences. Silt-
filled tubes are common.

n Massive muddy siltstone with abundant silt- and

mud-filled tubes: Tubes are mostly oriented roughly
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parallel to layering. The layered portion has
pinch-and-swell laminae of coarse-grained silt-
stone with mud partings containing abundant
ostracodes.

INTERPRETATION OF THE
ENVIRONMENT OF DEPOSITION

The sequence of sediments in the core is interpreted
as a transgression of a lake over a swampy fluvial
deposit and its regression, followed by outbuilding of a
thin deltaic channel system. The basal mudstones and
sandstones (units 1-4) reflect mostly subaerial condi-
tions with sporadic flooding events. The sandstones
may be overbank deposits of a larger fluvial system or
the distal portions of low-gradient streams. Channel
scours about 30 ¢cm (12 in) deep and 5 m (16.5 ft) wide
were observed inlaterally equivalent strata temporarily
exposed during construction of a dam spillway. The
channel scours were filled with fine-grained sandstone
with ripple cross-lamination. The next layers of sand-
stones and mudstones in the core (units 4-6) were
deposited during much wetter conditions and were
probably only intermittently subaerially exposed. The
gradational character of these sandstones to the under-
lying ones suggest the two are laterally equivalent.
They may be part of a small deltalike deposit in a
shallow lake or splays built into small ponds between
fluvial channels. The fine-grained silty mudstones with

abundant carbon-filled tubes, interpreted as roots (unit
7), represent either a vegetated, shallow lake margin or
a pond in a swampy fluvial system. No fossils of
lacustrine animals were observed in this unit. The
laminated brownish shales (unit 8) are definitely
lacustrine and were probably deposited in fairly deep
water (at least several tens of meters). The upper
portion of these shales have layers containing clumps of
carbonate micrite which may be intraclasts or tufa
fragments brought in by storms. The increase of
bioturbation above the shales (unit 8) is interpreted as
representing shallower lake conditions. This transition
occurs in less than a meter of vertical section, suggesting
that the lake was drying out rather than being filled in.
The upward coarsening (units 9-10), however, is similar
to a deltaic progradation, and the crossbedded,
medium-grained sandstone layers reflect fluvial deposi-
tion without any evidence of subaerial exposure. The
sequence is interpreted as a prograding distributary
channel built as the lake level fell. The origin of the
uppermost sandstone (unit 13) is unclear. The hori-
zontal, discontinuous lamination suggests upper plane
bed flow conditions, and the abundant mica is more
consistent with fluvial rather than wave conditions.

This sandstone seems to be equivalent to sandstone
exposed on the dam spillway. These sandstones have
dune-scale and ripple-scale cross-lamination and much
soft-sediment deformation and are probably also dis-
tributary channel deposits.



